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Description 

The present invention relates to a process for the preparation of hydrocarbons suitable for use as fuels, in particular 
to a process for the preparation of such hydrocarbons from a mixture of carbon monoxide and hydrogen. 

5 The preparation of hydrocarbons from a mixture comprising carbon monoxide and hydrogen by contacting the 

mixture with a suitable synthesis catalyst at elevated temperatures and pressures is known in the art as the Fischer- 
Tropsch synthesis. It is known in the art to apply Fischer-Tropsch synthesis processes in the preparation of a range 
of principly aliphatic hydrocarbons having a wide range of molecular weights. Of particular interest, however, is the 
use of the Fischer-Tropsch synthesis to prepare hydrocarbons suitable for use as fuels, for example hydrocarbons 

10 having boiling points within the boiling point ranges of naphtha and the middle distillates. 

For the purposes of this specification, the term "middle distillates" as used herein is to be taken as a reference to 
hydrocarbons or hydrocarbon mixtures having a boiling point or boiling point range substantially corresponding to that 
of the kerosine and gasoil fractions obtained during the conventional atmospheric distillation of crude oil. The term 
"naphtha" as used herein is a reference to hydrocarbons or hydrocarbon mixtures having a boiling point or boiling point 

15 range substantially corresponding to that of the naphtha (sometimes referred to as the gasoline) fractions obtained 
during the conventional atmospheric distillation of crude oil. In such a distillation, the following fractions are consecu- 
tively recovered from the crude oil: one or more naphtha fractions boiling in the range of from 30 to 220 °C, one or 
more kerosine fractions boiling in the range of from 1 20 to 300 °C and one or more gasoil fractions boiling in the range 
of from 1 70 to 370 °C. The term "hydrocarbon fuel" is to be taken as a reference to either one of or a mixture of naphtha 

20 and middle distillates. 

In order to improve the yield of valuable hydrocarbon fuel products from the Fischer-Tropsch synthesis process, 
a variety of process schemes have been proposed for upgrading the Fischer-Tropsch products. Thus, in US patent 
No. 4, 1 25,566 (US-A-4, 1 25,566) a process scheme is disclosed in which the highly olefinic effluent of a Fischer-Tropsch 
synthesis is treated by one or more of distillation, polymerisation, alkylation, hydrotreatment, cracking-decarboxylation, 
25 isomerisation and hydroreforming. The process scheme of US-A-4, 1 25,566 yields products lying mainly in the gasoline, 
kerosene and gasoil ranges. 

From the variety of aforementioned processes which may be applied in upgrading the products of a Fischer-Tropsch 
synthesis, a number of process schemes have been proposed which rely upon the application of hydrotreatment proc- 
esses in the upgrading. Thus, US patent No. 4,478,955 (US-A-4,478,955) discloses a process scheme comprising 

30 contacting the effluent of a Fischer-Tropsch synthesis process with hydrogen in the presence of a suitable hydrogen- 
ation catalyst. The effluent of the Fischer-Tropsch synthesis is described in US-A-4,478,955 as comprising predomi- 
nantly olefins and carboxylic acids. Under the action of the hydrogenation treatment, useful fuel components comprising 
alkanes, alcohols and esters are produced. 

In an alternative process scheme disclosed in US patents Nos. 4,059,648 and 4,080,397 (US-A-4, 059, 648 and 

35 4,080,648), the products of a Fischer-Tropsch synthesis are upgraded by being subjected firstly to a hydrotreatment 
and thereafter fractionated. Selected fractions of the fractionated product are subsequently subjected to a selective 
hydrocracking process in which the fractions are contacted with a special zeolite catalyst capable of transforming the 
aliphatic hydrocarbons present in the fractions into aromatic hydrocarbons. The resulting aromatic-rich product is said 
to be useful as gasoline and light and heavy fuel oils. 

40 More recently, much interest has been paid to the application of the Fischer-Tropsch synthesis in the preparation 

of substantially paraffinic hydrocarbon products suitable for use as fuels. Whilst it is possible to use the Fischer-Tropsch 
synthesis process to directly prepare paraffinic hydrocarbons having boiling points in the boiling point ranges of the 
valuable fuel fractions, it has been found most advantageous to use the Fischer-Tropsch synthesis process to prepare 
high molecular weight paraffinic hydrocarbons having a boiling point above the upper limit of the boiling point range of 

45 the middle distillates and subject the products so-obtained to a selective hydrocracking process to yield the desired 
hydrocarbon fuels. 

Thus, in United Kingdom patent No. 2 077 289 (GB 2077289 B), a process is disclosed comprising contacting a 
mixture of carbon monoxide and hydrogen with a catalyst active in the Fischer-Tropsch synthesis and thereafter crack- 
ing the resulting paraffinic hydrocarbons in the presence of hydrogen to yield middle distillates. A similar process 

50 scheme is disclosed in European patent application publication No. 0 147 873 (EP-A-0 147 873). 

Most surprisingly, it has been found advantageous if the products of a Fischer-Tropsch synthesis yielding substan- 
tially paraffinic hydrocarbons are first subjected to a mild hydrogenation, under conditions such that substantially no 
isomerisation or hydrocracking of the hydrocarbon occurs, and thereafter are subjected to a selective hydrocracking 
treatment to yield the desired hydrocarbon fuels. 

55 Accordingly, the present invention provides a process for the preparation of hydrocarbon fuels comprising the steps 

of: 

a) contacting a mixture of carbon monoxide and hydrogen with a hydrocarbon synthesis catalyst at elevated tem- 
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perature and pressure to prepare a substantially paraffinic hydrocarbon product, containing at least 70 %wt par- 
affins; 

b) contacting the hydrocarbon product so-obtained with hydrogen in the presence of a hyd reconversion catalyst 
under conditions such that the conversion, defined as the percent weight of the fraction of the hydrocarbon product 

5 feed boiling above 370 °C which is converted during the hydroconversion to a fraction boiling below 370 °C, is 

below 20%; and 

c) contacting at least part of the hydrocarbon product of step (b) with hydrogen in the presence of a hydroconversion 
catalyst under conditions such that hydrocracking and isomerisation of the product occurs to yield a substantially 
paraffinic hydrocarbon fuel, containing at least 70 %wt paraffins. 

10 

In the two-stage processes disclosed in the prior art, in particular GB 2077289 B and EP-B-0 147 873, the products 
of the hydrocarbon synthesis stage are subjected to a hydroconversion treatment. The primary objective of the hydro- 
conversion is to convert, by hydrocracking, the high molecular weight, paraffinic products of the synthesis stage into 
the desired hydrocarbon fuels, for example middle distillates. However, a number of additional reactions occur together 
15 with the hydrocracking reactions during the hydroconversion. In particular, the hydroconversion treatment serves to 
isomerise a portion of the linear paraffinic hydrocarbons, which in turn improves the properties of the hydrocarbon 
fuels. In addition, the action of the hydroconversion treatment is to hydrogenate the minor quantities of olefinic and 
oxygen-containing compounds formed during the hydrocarbon synthesis reactions and which are undesirable compo- 
nents in hydrocarbon fuels. 

20 in contrast to the processes of the prior art, the hydrocarbons prepared in the first stage, stage (a), of the process 

of the present invention are subjected to a hydroconversion in two separate and distinct stages. In the first hydrocon- 
version stage, stage (b), the olefinic and oxygen -containing compounds are hydrogenated. However, as an essential 
feature of this process, the operating conditions of the first hydroconversion stage are selected so as to substantially 
prevent hydrocracking and/or hydroisomerisation reactions from occurring. 

25 in the second hydroconversion stage of the process of the present invention, stage (c), the desired hydrocarbon 

fuels are prepared by subjecting at least a part of the product of the first hydroconversion stage to a second hydrocon- 
version treatment, in which the high molecular weight paraffinic hydrocarbons are hydroisomerised and hydrocracked. 
Most surprisingly, it has been found that a number of major advantages result from the application of a two-stage 
hydroconversion regime of the present invention, compared with the single-stage hydroconversion of the prior art. 

30 Firstly, water is formed as a product of the hydrogenation of the oxygen -containing hydrocarbons. It has been 

found that water produced during this reaction adversely affects certain hydroconversion catalysts, leading to a reduc- 
tion in catalyst performance. Secondly, it has been found that milder operating conditions are required in the second 
hydroconversion stage to achieve the desired degree of hydrocracking and hydroisomerisation than required in the 
single hydroconversion stage of the prior art process. This results in an improved lifetime of the hydroconversion catalyst 

35 and, most surprisingly, leads to a markedly improved product. In addition, the process of the present invention most 
surprisingly exhibits an improved selectivity to valuable hydrocarbon fuels, in particular gasoil, compared with the proc- 
esses of the prior art. 

For the purposes of this specification, the term "substantially paraffinic" when used in connection with hydrocarbon 
products or hydrocarbon fuels refers to a hydrocarbon mixture comprising at least 70 %wt paraffins, preferably at least 
40 80 %wt paraffins. Hydrocarbon fuels produced by the process of this invention typically comprise at least 90 %wt 
paraffins, more typically at least 95 %wt paraffins. 

In step (a) of the process of the present invention, a feed comprising a mixture of carbon monoxide and hydrogen 
is contacted at elevated temperature and pressure with a catalyst active in the synthesis of paraffinic hydrocarbons. 
Suitable processes for the preparation of the mixture of carbon monoxide and hydrogen are well known in the art and 
45 include such processes as the partial oxidation of methane, typically in the form of natural gas, and the steam reforming 
of methane. The relative amounts of carbon monoxide and hydrogen present in the feed may vary over a wide range 
and may be selected according to the precise catalyst and process operating conditions being employed. Typically, 
the feed contacting the catalyst comprises carbon monoxide and hydrogen in a hydrogen/carbon monoxide molar ratio 
of below 2.5, preferably below 1.75. More preferably, the hydrogen/carbon monoxide ratio is in the range of from 0.4 
so to 1 .5, especially from 0.9 to 1 .3. Unconverted carbon monoxide and hydrogen may be separated from the synthesis 
product and recycled to the inlet of the synthesis reactor. 

Suitable catalysts for use in the synthesis of paraffinic hydrocarbons are known in the art. Typically, the catalyst 
comprises, as the catalytically active component, a metal from Group VIII of the Periodic Table of Elements. Particular 
catalytically active metals from Group VIII include ruthenium, iron, cobalt and nickel. For the process of the present 
55 invention, a catalyst comprising cobatt as the catalytically active metal is preferred. 

The catalytically active metal is preferably supported on a porous carrier. The porous carrier may be selected from 
any suitable refractory metal oxide or silicate or mixture thereof. Particular examples of preferred carriers include silica, 
alumina, titania, zirconia and mixtures thereof. Carriers comprising silica and/or alumina are especially preferred. 
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The catalytically active metal may be applied to the carrier by any ol the techniques known in the art, for example 
comulling, impregnation or precipitation. Impregnation is a particularly preferred technique, in which the carrier is con- 
tacted with a compound of the catalytically active metal in the presence of a liquid, most conveniently in the form of a 
solution of the metal compound. The compound of the active metal may be inorganic or organic, with inorganic com- 
5 pounds being preferred, in particular nitrates. The liquid employed may also be either organic or inorganic. Water is a 
most convenient liquid. 

The amount of catalytically active metal present on the carrier is typically in the range of from 1 to 100 parts by 
weight, preferably 10 to 50 parts by weight, per 100 parts by weight of carrier material. 

The catalytically active metal may be present in the catalyst together with one or more metal promoters or co- 

J0 catalysts. The promoters may be present as metals or as the metal oxide, depending upon the particular promoter 
concerned. Suitable metal oxide promoters include oxides of metalsfrom Groups HA, 1MB, IVB, VBor VIB of the Periodic 
Table, oxides of the lanthanides and/or the actinides. Preferably, the catalyst comprises an oxide of an element in 
Group IVB of the Periodic Table, in particular titanium or zirconium. Catalysts comprising zirconium are especially 
preferred. As an alternative or in addition to the metal oxide promoter, the catalyst may comprise a metal promoter 

is selected from Groups VI IB and/or VI II of the Periodic Table. Preferred metal promoters include platinum and palladium. 
A most suitable catalyst comprises cobalt as the catalytically active metal and zirconium as a promoter. The promoter 
may be incorporated in the catalyst using any of the methods discussed hereinbefore with respect to the catalytically 
active component. 

The promoter, if present in the catalyst, is typically present in an amount of from 1 to 60 parts by weight, preferably 

20 from 2 to 40 parts by weight, per 100 parts by weight of carrier material. 

The hydrocarbon synthesis is conducted under conditions of elevated temperature and pressure. Typically, the 
synthesis is effected at a temperature in the range of from 125 to 300 °C, preferably from 175 to 250 °C. The reaction 
pressure is typically in the range of from 5 to 100 bar, preferably from 12 to 50 bar. The synthesis may be conducted 
using a variety of reactor types and reaction regimes, for example in a fixed bed regime, a slurry phase regime or an 

25 ebullating bed regime. 

The hydrocarbon product of the synthesis stage is subjected to a two-stage hydroconversion treatment in stages 
(b) and (c) of the process of the present invention. The entire effluent of the synthesis stage may be led directly to the 
first hydroconversion stage. However, it is preferred to separate from the hydrocarbon product of the synthesis stage 
the unconverted carbon monoxide and hydrogen and water formed during the synthesis. If desired, the low molecular 

30 weight products of the synthesis stage, in particular the C 4 - fraction, for example methane, ethane and propane, may 
also be removed prior to the hydroconversion treatment. The separation is conveniently effected using distillation tech- 
niques well known in the art. 

In the first hydroconversion stage, stage (b), the hydrocarbon product is contacted with hydrogen in the presence 
of a hydrogenation catalyst. Suitable catalysts for use in this stage are known in the art. Typically, the catalyst comprises 

35 as catalytically active component one or more metals selected from Groups VIB and VIII of the Periodic Table of Ele- 
ments, in particular one or more metals selected from molybdenum, tungsten, cobalt, nickel, ruthenium, iridium, os- 
mium, platinum and palladium. Preferably, the catalyst comprises on or more metals selected from nickel, platinum 
and palladium as the catalytically active component. 

A particularly suitable catalyst comprises nickel as a catalytically active component. 

40 Catalysts for use in the first hydroconversion stage typically comprise a refractory metal oxide or silicate as a 

carrier. Suitable carrier materials include silica, alumina, silica-alumina, zirconia, titania and mixtures thereof. Preferred 
carrier materials for inclusion in the catalyst for use in the process of this invention are silica, alumina and silica-alumina. 

The catalyst may comprise the catalytically active component in an amount of from 0.05 to 80 parts by weight, 
preferably from 0.1 to 70 parts by weight, per 100 parts by weight of carrier material. The amount of catalytically active 

45 metal present in the catalyst will vary according to the specific metal concerned. One particularly suitable catalyst for 
use in the first hydroconversion stage comprises nickel in an amount in the range of from 30 to 70 parts by weight per 
100 parts by weight of carrier material. A second particularly suitable catalyst comprises platinum in an amount in the 
range of from 0.05 to 2.0 parts by weight per 100 parts by weight of carrier material. 

Suitable catalysts for use in the first hydroconversion stage of the process of this invention are available commer- 

50 cially, or may be prepared by methods well known in the art, for example the methods discussed hereinbefore with 
reference to the preparation of the hydrocarbon synthesis catalyst. 

In the first hydroconversion stage, the hydrocarbon product is contacted with hydrogen at elevated temperature 
and pressure. The operating temperature may typically range from 100 to 300 °C, more preferably from 150 to 275 
°C, in particular from 175 to 250 °C. Typically, the operating pressure ranges from 5 to 150 bars, preferably from 10 

55 to 50 bars. Hydrogen may be supplied to the hydroconversion stage at a gas hourly space velocity in the range of from 
100 to 10000 Nl/l/hr, more preferably from 250 to 5000 Nl/l/hr. The hydrocarbon product being treated is typically 
supplied to the hydroconversion stage at a weight hourly space velocity in the range of from 0.1 to 5 kg/l/hr, more 
preferably from 0.25 to 2.5 kg/l/hr. The ratio of hydrogen to hydrocarbon product may range from 100 to 5000 Nl/kg 
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and is preferably from 250 to 3000 Nl/kg. 

The first hydroconversion stage is operated under conditions such that substantially no isomerisation or hydroc- 
racking of the feed occurs. The precise operating conditions required to achieve the desired degree of hydrogenation 
without substantial hydrocracking or hydroisomerisation occurring will vary according to the composition of the hydro- 
s carbon product being fed to the hydroconversion stage and the particular catalyst being employed. As a measure of 
the severity of the conditions prevailing in the first hydroconversion stage and, hence, the degree of hydrocracking and 
isomerisation occurring, the degree of conversion of the feed hydrocarbon may be determined. In this respect, con- 
version, in percent, is defined as the percent weight of the fraction of the feed boiling above 370 °C which is converted 
during the hydroconversion to a fraction boiling below 370 °C. The conversion of the first hydroconversion stage is 
10 below 20%, preferably below 10%, more preferably below 5%. 

In the process of the present invention, the hydrocarbon product leaving the first hydroconversion stage substan- 
tially consists of high molecular weight, paraffinic hydrocarbons having a boiling point range above that of the middle 
distillates. At least a part of this hydrocarbon product is subjected to a second hydroconversion in stage (c) of the 
process of this invention, to yield the desired hydrocarbon fuel product. If desired, the entire effluent of the first hydro- 
ps conversion stage may be led directly to the second hydroconversion stage. However, it is preferred to separate the 
low molecular weight hydrocarbons, especially the effraction, from the higher molecular weight hydrocarbons prior 
to the second hydroconversion stage. The separation may be conveniently achieved using distillation techniques well 
known in the art. At least a part of the remaining C 5 + fraction of the hydrocarbon product is then used as feed for the 
second hydroconversion stage. 
20 in the second hydroconversion stage, hydrocarbon fuels are prepared from the hydrocarbon product of the first 

hydroconversion stage by hydrocracking and hydroisomerising the product with hydrogen in the presence of a suitable 
catalyst. Typically, the catalyst comprises as catalytically active component one or more metals selected from Groups 
VIB and VIII of the Periodic Table of Elements, in particular one or more metals selected from molybdenum, tungsten, 
cobalt, nickel, ruthenium, iridium, osmium, platinum and palladium. Preferably, the catalyst comprises one or more 
25 metals selected from nickel, platinum and palladium as the catalytically active component. Catalysts comprising plat- 
inum as the catalytically active component have been found to be particularly suitable for use in the second hydrocon- 
version stage. 

Catalysts for use in the second hydroconversion stage typically comprise a refractory metal oxide or silicate as a 
carrier. The carrier material may be amorphous or crystalline. Suitable carrier materials include silica, alumina, silica- 

30 alumina, zirconia, titania and mixtures thereof. The carrier may comprise one or more zeolites, either alone or in com- 
bination with one or more of the aforementioned carrier materials. Preferred carrier materials for inclusion in the catalyst 
for use in the process of this invention are silica, alumina and silica-alumina. A particularly preferred catalyst comprises 
platinum supported on a silica-alumina carrier. 

The catalyst may comprise the catalytically active component in an amount of from 0.05 to 80 parts by weight, 

35 preferably from 0. 1 to 70 parts by weight, per 1 00 parts by weight of carrier material. The amount of catalytically active 
metal present in the catalyst will vary according to the specific metal concerned. A particularly preferred catalyst for 
use in the second hydroconversion stage comprises platinum in an amount in the range of from 0.05 to 2 parts by 
weight, more preferably from 0.1 to 1 parts by weight, per 100 parts by weight of carrier material. 

Suitable catalysts for use in the second hydroconversion stage of the process of this invention are available com- 

40 mercially, or may be prepared by methods well known in the art, for example the methods discussed hereinbefore with 
reference to the preparation of the hydrocarbon synthesis catalyst. 

In the second hydroconversion stage of this process, the hydrocarbon product of the first hydroconversion stage 
is contacted with hydrogen in the presence of the catalyst at elevated temperature and pressure. Typically, the tem- 
peratures necessary to yield the hydrocarbon fuels will lie in the range of from 175 to 400 °C, preferably from 250 to 

45 375 °C. The pressure typically applied ranges from 10 to 250 bars, more preferably from 25 to 250 bars. Hydrogen 
may be supplied at a gas hourly space velocity of from 100 to 10000 Nl/l/hr, preferably from 500 to 5000 Nl/l/hr. The 
hydrocarbon feed may be provided at a weight hourly space velocity of from 0.1 to 5 kg/l/hr, preferably from 0.25 to 2 
kg/l/hr. The ratio of hydrogen to hydrocarbon feed may range from 100 to 5000 Nl/kg and is preferably from 250 to 
2500 Nl/kg. 

so As discussed hereinbefore in connection with the first hydroconversion stage, the degree of hydrocracking and 

isomerisation occurring in the second hydroconversion stage may be measured by determining the degree of conver- 
sion of the fraction boiling above 370 °C, as hereinbefore defined. Typically, the second hydroconversion stage is 
operated at a conversion of at least 40%. 

The hydrogen required for the operation of both the first and the second hydroconversion stages may be generated 
55 by processes well known in the art, for example by the steam reforming of a refinery fuel gas. 

The hydrocarbon fuel produced in the second hydroconversion stage will typically comprise hydrocarbons having 
boiling points lying in a number of different fuel fractions, for example the naphtha, kerosine and gasoil fractions dis- 
cussed hereinbefore. Separation of the hydrocarbon fuel into the appropriate fractions may be conveniently achieved 
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using distillation techniques well known in the art. 

The process of the present invention is further described in the following illustrative examples, of which Examples 
1 and 4 are directed to a process according to the present invention and Examples 2, 3 and 5 are for comparison 
purposes only. 

EXAMPLE 1 

(A) HYDROCARBON SYNTHESIS STAGE 

(i) Catalyst Preparation 

A mixture comprising silica (precipitated silica, average particle size 50 u/n, surface area 450 m 2 /g), am- 
monium zirconium carbonate ("Bacote" 20, 20 %wt equivalent of Zr0 2 ) and water was mulled for a period of 
about 20 minutes. Acetic acid (5% aqueous solution) and water were added and the mixture mulled for a 
further period of about 30 minutes. Poly electrolyte ("Nalco'; as a 4% aqueous solution) was added and the 
resulting mixture mulled for a further 5 minutes to yield a final mixture having a pH of about 8.4 and a loss on 
ignition of about 70%. 

The resulting mixture was extruded using a 2.54 cm (1 inch) "Bonnot" extruder having a 1 .7 mm "Delrin" 
trilobe dieplate insert to yield trilobe extrudates. The extrudates were dried at a temperature of about 120 °C 
and finally calcined at a temperature between 500 and 550 °C for 2 hours. 

The calcined extrudates were washed using an aqueous solution of ammonium acetate and thereafter 
calcined as hereinbefore described. An aqueous solution was prepared by dissolving cobalt nitrate (Co(N0 3 ) 2 . 
6H a O; sufficient to yield an 18% aqueous solution) in water and heated to a temperature of 80 °C. The extru- 
dates were impregnated by immersion in the cobalt nitrate solution for a period of 8 hours at 80 °C. The thus 
impregnated extrudates were dried and finally calcined at a temperature of 500 °C for from 1 to 2 hours. 

(ii) Hydrocarbon Synthesis 
The catalyst prepared in (i) hereabove was loaded into a reaction vessel. The catalyst was first activated 

by reduction by being contacted with a mixture of hydrogen and nitrogen at a temperature of 250 °C, a pressure 
of 5 bar and a gas hourly space velocity of from 500 to 600 Nl/l/hr. The activated catalyst was then contacted 
with a mixture of carbon monoxide and hydrogen having a hydrogen/carbon monoxide ratio of 1 . 1 at a gas 
inlet pressure of from 35 to 40 bars and a gas hourly space velocity of from 1000 to 1200 Nl/l/hr. A heavy wax 
was produced. 

The effluent of the reaction vessel was collected and the C 4 - components of the mixture removed by 
distillation. The remaining C 5 + fraction was retained and used directly in the next stage of the process. 

35 (B) FIRST HYDROCONVERSION STAGE 

(i) Catalyst Preparation 

A mixture comprising amorphous silica-alumina (ex Grace Davison, pore volume (H 2 0) 1 .10 ml/g, 1 3 %wt 
alumina (dry basis)), and alumina (ex Criterion Catalyst Co.) was placed in a mulling machine and mulled for 
40 a period of about 10 minutes. Acetic acid (10 %wt solution) and water were added and the resulting mixture 

mulled for a further 1 0 minutes. Thereafter, polyacrylamide ("Superfloc" A1 839, 2 %wt aqueous solution) was 
added and mulling continued for a further 1 0 minutes. Finally, polyelectrolyte ('Nalco", 4 %wt aqueous solution) 
was added and the mixture mulled for a final period of about 5 minutes. 

The resulting mixture was extruded using a 5.72 cm (2.25 inch) "Bonnot" extruder through a dieplate, 
45 yielding 2.5 mm trilobe extrudates. The resulting extrudates were dried at a temperature of 120 °C for about 

2 hours and subsequently calcined at a temperature of 600 °C for 2 hours. 

An aqueous solution was prepared comprising hexachloroplatinic acid (H 2 PtCI 6 , 2.45 %wt) and nitric acid 
(7.66 %wt) having a pH of below 1 . The extrudates were impregnated using this aqueous solution via the Pore 
Impregnation technique to give a final platinum loading on the carrier of 0.8 %wt. The thus impregnated ex- 
50 trudates were finally calcined at a temperature of 500 °C for about 2 hours. 

(ii) Hydrocarbon Hvd reconversion 

The catalyst prepared in (i) hereabove was loaded into a reaction vessel The C 5 + hydrocarbon product 
of the hydrocarbon synthesis stage was fed to the reaction vessel at a weight hourly space velocity of 0.88 
kg/l/hr, a temperature of 315 °C and a pressure of 35 bars. Hydrogen was supplied to the reaction vessel at 
55 a gas hourly space velocity of 660 Nl/l/hr (that is a hydrogen to hydrocarbon ratio of 750 Nl/kg). Under the 

aforementioned reaction conditions, the conversion achieved, in terms of percent weight of the fraction of the 
feed having a boiling point above 370 °C converted to products having a boiling point of below 370 °C, was 
16%, indicating that substantially no cracking or isomerisation of the feed hydrocarbon occurred. 
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The effluent of the reaction vessel was collected and the C 4 - fraction removed by distillation. The remaining 
C 5 + fraction was retained and used directly in the next stage. 

(C) SECOND HYDROCONVERSION STAGE 

5 

(i) Catalyst Preparation 

A catalyst was prepared following the procedure described in Example 1(B)(i) hereabove. 

(ii) Hydrocarbon Hvdroconversion 

The catalyst prepared in (i) was loaded into a reaction vessel. The C 5 + hydrocarbon product of the first 
10 hvdroconversion stage was fed to the reaction vessel at a weight hourly space velocity of 1 .046 kg/l/hr and a 

pressure of 31 bars. Hydrogen was supplied to the reaction vessel at a gas hourly space velocity of 660 Nl/I/ 
hr (that is a hydrogen to hydrocarbon ratio of 630 Nl/kg). A liquid recycle rate of 0.17 kg/l/hr was applied. A 
conversion target of 55% (as defined in Example 1(B) (ii) hereabove) was set and was achieved by adjusting 
the operating temperature of the second hydroconversion stage. It was found that an operating temperature 
is of 330 °C was required. 

The effluent of the reaction vessel was collected and separated by means of distillation into a number of 
fractions. The properties of a gasoil fraction boiling in the temperature range of from 170 to 340 °C recovered 
from the effluent are given in Table 1. 

20 EXAMPLE 2 

By way of comparison, product from the hydrocarbon synthesis stage as described in Example 1(A) hereabove 
was treated to a single hydroconversion stage, operated to yield hydrocarbon fuels. 

A sample of the catalyst prepared as described in Example 1 (C)(i) hereabove was loaded into a reaction vessel. 
25 The C 5 + hydrocarbon product of the hydrocarbon synthesis stage was fed to the reaction vessel at a weight hourly 
space velocity of 1 .103 kg/l/hr and a pressure of 31 bars. Hydrogen was supplied to the reaction vessel at a gas hourly 
space velocity of 660 Nl/l/hr (that is a hydrogen to hydrocarbon ratio of 596 Nl/kg). A liquid recycle rate of 0.23 kg/l/hr 
was applied. A conversion of 55% (as defined in Example 1 (B) (ii) hereabove) was achieved at an operating temperature 
of 338 °C. 

30 The effluent of the reaction vessel was collected and separated by means of distillation into a number of fractions. 

The properties of a gasoil fraction boiling in the temperature range of from 170 to 340 °C recovered from the effluent 
are given in Table 1 . 

EXAMPLE 3 

35 

As a further comparison, product from the hydrocarbon synthesis stage as described in Example 1(A) hereabove 
was treated to a single hydroconversion stage, operated to yield hydrocarbon fuels as in Example 2, but operated as 
follows: 

A sample of the catalyst prepared as described in Example 1(C)(i) hereabove was loaded into a reaction vessel. 
40 The C 5 + hydrocarbon product of the hydrocarbon synthesis stage was fed to the reaction vessel at a weight hourly 
space velocity of 1 .01 kg/l/hr and a pressure of 31 .4 bars. Hydrogen was supplied to the reaction vessel at a gas hourly 
space velocity of 660 Nl/l/hr (that is a hydrogen to hydrocarbon ratio of 655 Nl/kg). A liquid recycle rate of 0. 1 3 kg/l/hr 
was applied. A conversion of 39% (as defined in Example 1 (B) (ii) hereabove) was achieved at an operating temperature 
of 334 °C. 

45 The effluent of the reaction vessel was collected and separated by means of distillation into a number of fractions. 

The properties of a gasoil fraction boiling in the temperature range of from 160 to 340 °C recovered from the effluent 
are given in Table 1. 

so 



55 



7 



EP 0 583 836 B1 



TABLE 1 





Pvamnlo 1 
CAdlllfJIt; I 


example c. 


f VQtnnlo O 

cxdmpie o 


Operating Conditions 








Temperature (°C) 


330 


338 


334 


Conversion 1 ) % 


55 


56 


39.2 


Product Properties 








Cloud Point (°C) 


-16 


-14.6 


-10.1 


Pour Point (°C) 


-24 


-24 


-21 


CFPP 2) co 


-21 


-19 


-14 


Aromatic content 3 >(mmole/1 OOg) 


0.67 


1.51 


1.12 



1 ) Defined as percent weight of fraction in feed boiling above 370 P C converted into fraction boiling below 370 °C. 

2) Course Filter Plugging Point. 

3) Determined using method AMS 392 mod. 



EXAMPLE 4 

20 (A) HYDROCARBON SYNTHESIS STAGE 

A catalyst was prepared using the general method outlined in Example 1(A)(1) hereabove and used to prepare 
a C 5 + hydrocarbon product following the general procedure described in Example 1 (A) (ii) hereabove. 

(B) FIRST HYDROCONVERSION STAGE 

A commercially available nickel-containing hydrogenation catalyst (60 %wt nickel; ex Harshaw Catalysts) was 
2$ loaded into a reaction vessel. The C 5 + hydrocarbon product of the hydrocarbon synthesis stage was fed to the 

reaction vessel at a weight hourly space velocity of 1 .0 kg/l/hr, a temperature of 220 °C and a pressure of 30 bars. 
Hydrogen was supplied to the reaction vessel at a gas hourly space velocity of 1000 Nl/l/hr (that is a hydrogen to 
hydrocarbon ratio of 1000 Nl/kg). Under the aforementioned reaction conditions, the conversion achieved, in terms 
of percent weight of the fraction of the feed having a boiling point above 370 °C converted to products having a 
30 boiling point of below 370 °C, was less than 5%, indicating that substantially no cracking or isomerisation of the 

feed hydrocarbon occurred. 

The effluent of the reaction vessel was collected and the effraction removed by distillation. The remaining 
C 5 + fraction was retained and used directly in the next stage. 

(C) SECOND HYDROCONVERSION STAGE 

35 

(\) Catalyst Preparation 

A catalyst was prepared following the procedure described in Example 1(B)(i) hereabove. 

(ii) Hydrocarbon Hydroconversion 

The catalyst prepared in (i) was loaded into a reaction vessel. The C 5 + hydrocarbon product of the first 
40 hydroconversion stage was fed to the reaction vessel at a weight hourly space velocity of 1 .25 kg/l/hr and a 

pressure of 30 bars. Hydrogen was supplied to the reaction vessel at a gas hourly space velocity of 1000 Nl/ 

l/hr (that is a hydrogen to hydrocarbon ratio of 800 Nl/kg). A conversion target of 60% (as defined in Example 

4(B) hereabove) was set and achieved by adjusting the operating temperature of the second hydroconversion 

stage. It was found that an operating temperature of 334 °C was required. 
45 The effluent of the reaction vessel was collected and separated by means of distillation into a number of 

fractions. The selectivity of the second hydroconversion stage to a gasoil fraction boiling in the temperature 

range of from 220 to 370 °C was 50%. 

EXAMPLE 5 

so 

By way of comparison, product from the hydrocarbon synthesis stage as described in Example 4(A) hereabove 
was treated to a single hydroconversion stage, operated to yield hydrocarbon fuels, as follows: 

Catalyst prepared as described in Example 1 (B)(i) was loaded into a reaction vessel. The C 5 + hydrocarbon 
product of the hydrocarbon synthesis stage was fed to the reaction vessel at a weight hourly space velocity of 1.25 
55 kg/l/hr and a pressure of 30 bars. Hydrogen was supplied to the reaction vessel at a gas hourly space velocity of 1 000 
Nl/l/hr (that is a hydrogen to hydrocarbon ratio of 800 Nl/kg). A conversion target of 60% (as defined in Example 4(B) 
hereabove) was set and achieved by adjusting the operating temperature of the second hydroconversion stage. It was 
found that an operating temperature of 338 °C was required. 
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The effluent of the reaction vessel was collected and separated by means of distillation into a number of fractions. 
The selectivity of the second hydroconversion stage to a gasoil fraction boiling in the temperature range of from 220 
to 370 °C was 40%. 

5 

Claims 

1. A process for the preparation of hydrocarbon fuels comprising the steps of: 

10 a) contacting a mixture of carbon monoxide and hydrogen with a hydrocarbon synthesis catalyst at elevated 

temperature and pressure to prepare a substantially paraffinic hydrocarbon product, 
containing at least 70 %wt paraffins; 

b) contacting the hydrocarbon product so-obtained with hydrogen in the presence of a hydroconversion catalyst 
under conditions such that the conversion, defined as the percent weight of the fraction of the hydrocarbon 

is product feed boiling above 370 °C which is converted during the hydroconversion to a fraction boiling below 

370 °C, is below 20%; and 

c) contacting at least part of the hydrocarbon product of step b) with hydrogen in the presence of a hydrocon- 
version catalyst under conditions such that hydrocracking and isomerisation of the hydrocarbon product occurs 
to yield a substantially paraffinic hydrocarbon fuel, containing at least 70 %wt paraffins. 

20 

2. A process according to claim 1 , characterised in that the mixture of carbon monoxide and hydrogen contacting the 
catalyst in step (a) has a hydrogen/carbon monoxide ration of less than 2.5, preferably less than 1 .75, more pref- 
erably of from 0.4 to 1.5. 

25 3. a process according to either of claims 1 or 2, characterised in that the hydrocarbon synthesis catalyst in step (a) 
comprises ruthenium, iron, nickel or cobalt as a catalytically active metal, preferably cobalt. 

4. A process according to any preceding claim, characterised in that the hydrocarbon synthesis catalyst in step (a) 
comprises a carrier, preferably selected from silica, alumina, titania, zirconia, and mixtures thereof, most preferably 

30 silica or alumina. 

5. A process according to any preceding claim, characterised in that the hydrocarbon synthesis catalyst in step (a) 
comprises as a promoter an oxide of a metal selected from Group I VB of the Periodic Table of Elements, preferably 
titanium or zirconium. 

35 

6. A process according to any preceding claim, characterised in that the mixture of carbon monoxide and hydrogen 
is contacted with the catalyst in step (a) at a temperature of from 125 to 300 °C, preferably from 175 to 250 °C. 

7. A process according to any preceding claim, characterised in that the mixture of carbon monoxide and hydrogen 
40 is contacted with the catalyst in step (a) at a pressure of from 5 to 100 bars, preferably from 12 to 50 bars. 

8. A process according to any preceding claim, characterised in that the hydroconversion catalyst of step (b) com- 
prises molybdenum, tungsten, cobalt, nickel, ruthenium, iridium, osmium, platinum or palladium as a catalytically 
active metal, preferably one or more of nickel, platinum and palladium. 

45 

9. A process according to any preceding claim, characterised in that the hydroconversion catalyst of step (b) com- 
prises a carrier, preferably selected from silica, alumina, silica-alumina, titania, zirconia and mixtures thereof, pref- 
erably silica, alumina or silica-alumina. 

50 10. A process according to any preceding claim, characterised in that in step (b) the hydrocarbon product is contacted 
with the hydroconversion catalyst at a temperature of from 100 to 300 °C, preferably from 150 to 275 °C. 

11 . A process according to any preceding claim, characterised in that in step (b) the hydrocarbon product is contacted 
with the hydroconversion catalyst at a pressure of from 5 to 150 bars, preferably from 10 to 50 bars. 

55 

12. A process according to any preceding claim, characterised in that in step (b) hydrogen is provided at a gas hourly 
space velocity of from 100 to 10000 Nl/l/hr, preferably from 250 to 5000 NJ/l/hr. 
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13. A process according to any preceding claim, characterised in that in step (b) the conversion is below 10%, more 
preferably below 5%. 

14. A process according to any preceding claim, characterised in that the hydroconversion catalyst of step (c) com- 
5 prises molybdenum, tungsten, cobalt, nickel, ruthenium, iridium, osmium, platinum or palladium as a catalytically 

active metal, preferably one or more of nickel, platinum and palladium. 

15. A process according to any preceding claim, characterised in that the hydroconversion catalyst of step (c) com- 
prises a carrier, preferably selected from silica, alumina, silica-alumina, titania, zirconia and mixtures thereof, pref- 

io erably silica, alumina or silica-alumina. 

16. A process according to any preceding claim, characterised in that in step (c) the hydrocarbon product is contacted 
with the hydroconversion catalyst at a temperature of from 175 to 400 °C, preferably from 250 to 375 °C. 

15 17. A process according to any preceding claim, characterised in that in step (c) the hydrocarbon product is contacted 
with the hydroconversion catalyst at a pressure of from 10 to 250 bars, preferably from 25 to 250 bars. 

18. A process according to any preceding claim, characterised in that in step (c) hydrogen is provided at a gas hourly 
space velocity of from 100 to 10000 Nl/l/hr, preferably from 500 to 5000 Nl/l/hr. 

20 

19. A process according to any preceding claim, characterised in that in step (c) the conversion is at least 40%. 

20. A process according to any preceding claim, characterised in that the light components, preferably the C 4 - com- 
ponents, are removed from the product of one or both of the hydrocarbon synthesis of step (a) and the hydrocon- 

25 version of step (b). 



Patentan sprue he 

30 1. Verfahren zur Herstellung von Kohlenwasserstoffbrennstoffen, welches die folgenden Stufen umfaGt: 

a) Inberuhrungbringen eines Gemisches aus Kohlenmonoxid und Wasserstoff mit einem Kohlenwasserstoff- 
synthesekatalysator bei erhdhter Temperatur und erhohtem Druck zur Ausbildung eines im wesentlichen par- 
affinischen Kohlenwasserstoffproduktes, das wenigstens 70 Gew.-% Paraffine enthalt; 

35 b) Inberuhrungbringen des so erhaltenen Kohlenwasserstoffproduktes mit Wasserstoff in Anwesenheit eines 

Hydrokonversionskatalysators unter solchen Bedingungen, daG die Umwandlung, definiert als Gewichtspro- 
zent der Fraktion der Kohlenwasserstoffprodukteinspeisung, die uber 370*C siedet, welche wahrend der Hy- 
drokonversion zu einer unter 370°C siedenden Fraktion umgewandelt wird, unter 20% liegt; und 
c) Inberuhrungbringen wenigstens eines Teiles des Kohlenwasserstoffproduktes aus Stufe b) mit Wasserstoff 

40 in Anwesenheit eines Hydrokonversionskatalysators unter solchen Bedingungen, daG ein Hydrocracken und 

Isomerisieren des Produktes eintritt, urn einen im wesentlichen paraffin ischen Kohlenwasserstoffbrennstoff 
zu ergeben, der wenigstens 70 Gew.-% Paraffine enthalt. 

2. Verfahren nach Anspruch 1 dadurch gekennzeichnet, daG das mit dem Katalysator in Stufe (a) in Beruhrung kom- 
<5 mende Gemisch aus Kohlenmonoxid und Wasserstoff ein Wasserstoff/Kohlenmonoxid-Verhaltnis von kleiner als 

2,5, vorzugsweise kleiner als 1 ,75, starker bevorzugt von 0,4 bis 1,5 aufweist. 

3. Verfahren nach Anspruch 1 oder 2 daurch gekennzeichnet, daG der Kohlenwasserstoffsynthese katalysator in Stufe 
(a) als katalytisch aktives Metall Ruthenium, Eisen, Nickel oder Kobalt, vorzugsweise Kobalt enthalt. 

so 

4. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daG der Kohlen wasserstoff synthe- 
sekatalysator in Stufe (a) einen Trager umfaGt, vorzugsweise ausgewahlt unter Siliziumdioxid, Aluminiumoxid, 
Titanoxid, Zirkonoxid und Gemischen hievon, am meisten bevorzugt Siliziumdioxid oder Aluminiumoxid. 

55 5. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daG der Kohlenwasserstoffsynthe- 
sekatalysator in Stufe (a) als Promotor ein Oxid eines aus der Gruppe IVB des Periodensystems der Elemente 
ausgewahlten Metalles, vorzugsweise Titan oder Zirkon, enthalt. 
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6. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB das Gemisch aus Kohlenmon- 
oxid und Wasserstoff mit dem Katalysator in Stufe (a) bei einer Temperatur von 1 25 bis 300 °C, vorzugsweise von 
175 bis 250°C in Kontakt gebracht wird. 

s 7. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB das Gemisch aus Kohlenmon- 
oxid und Kohlenwasserstoff mit dem Katalysator in Stufe (a) bei einem Druck von 5 bis 100 bar, vorzugsweise von 
12 bis 50 bar in Kontakt gebracht wird. 

8. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB der Hydrokonversionskataly- 
10 sator von Stufe (b) als katalytisch aktives Metal! Molybdan, Wolfram, Kobalt, Nickel, Ruthenium, Iridium, Osmium, 

Platin oder Palladium enthalt, vorzugsweise eines Oder mehrere von Nickel, Platin und Palladium. 

9. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB der Hydrokonversionskataly- 
sator von Stufe (b) einen Trager enthalt, vorzugsweise ausgewahlt unter Siliziumdioxid, Aluminiumoxid, Silizium- 

T5 dioxid-Aluminiumoxid, Titanoxid, Zirkonoxid und Gemischen hievon, vorzugsweise Siliziumdioxid, Aluminiumoxid 

Oder Siliziumdioxid-Aluminiumoxid. 

10. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (b) das Kohlenwas- 
serstoffprodukt bei einer Temperatur von 100 bis 300°C, vorzugsweise von 150 bis 275°C mit dem Hydrokonver- 

20 s ions katalysator in Kontakt gebracht wird. 

11. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (b) das Kohlenwas- 
serstoffprodukt bei einem Druck von 5 bis 150 bar, vorzugsweise 10 bis 50 bar mit dem Hydrokonversionskataly- 
sator in Kontakt gebracht wird. 

25 

12. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (b) der Wasserstoff 
mit einer Gas-Raumgeschwindigkeit von 100 bis 10.000 Nl/l/h, vorzugsweise von 250 bis 5.000 Nl/l/h zugefuhrt 
wird. 

30 13. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (b) die Umwandlung 
unter 10%, starker bevorzugt unter 5% gehatten wird. 

14. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB der Hydrokonversions kataly- 
sator von Stufe (c) als katalytisch aktives Metall Molybdan, Wolfram, Kobalt, Nickel, Ruthenium, Iridium, Osmium, 

35 Platin oder Palladium enthalt, vorzugsweise eines Oder mehrere von Nickel, Platin und Palladium. 

15. Verfahren nach einem der vorstehenden AnsprOche dadurch gekennzeichnet, daB der Hydrokonversionskataly- 
sator von Stufe (c) einen Trager umfaBt, vorzugsweise ausgewahlt unter Siliziumdioxid, Aluminiumoxid, Silizium- 
dioxid-Aluminiumoxid, Titanoxid, Zirkonoxid und Gemischen hievon, vorzugsweise Siliziumdioxid, Aluminiumoxid 

40 oder Siliziumdioxid-Aluminiumoxid. 

16. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (c) das Kohlenwas- 
serstoff prod ukt bei einer Temperatur von 175 bis 400°C, vorzugsweise von 250 bis 375°C mit dem Hydrokonver- 
sionskatalysator in Kontakt gebracht wird. 

45 

17. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (c) das Kohlenwas- 
serstoff produkt bei einem Druck von 10 bis 250 bar, vorzugsweise von 25 bis 250 bar mit dem Hydrokonversions- 
katalysator in Kontakt gebracht wird. 

so 18. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (c) der Wasserstoff 
mit einer Raumgeschwindigkeit von 100 bis 10.000 Nl/l/h, vorzugsweise von 500 bis 5.000 Nl/l/h zugefuhrt wird. 

19. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB in Stufe (c) die Umwandlung 
auf wenigstens 40 % gehalten wird. 

55 

20. Verfahren nach einem der vorstehenden Anspruche, dadurch gekennzeichnet, daB die leichten Komponenten, 
vorzugsweise die C 4 _ -Komponenten, aus dem Produkt aus der Kohlenwasserstoffsynthesestufe (a), der Hydro- 
konversionsstufe (b) oder aus beiden abgetrennt werden. 
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Revendications 

1. Procede de preparation de carburants hydrocarbon^, caracterise en ce qu'i! comprend les etapes consistant a : 

5 a) mettre en contact un melange de monoxyde de carbone et d'hydrogene avec un catalyseur de synthese 

d'hydrocarbures, a temperature et pression elevees, de maniere a preparer un produit hydrocarbone sensi- 
blement paraffinique, contenant au moins 70% en poids de paraffines; 

b) mettre en contact le produit hydrocarbone atnsi obtenu avec de I'hydrogene en presence d'un catalyseur 
d'hydroconversion dans des conditions telles que la conversion, definie comme le pourcentage ponderal de 

10 la fraction de la charge de produit hydrocarbone bouillant au-dela de 370°C et qui est convertie au cours de 

I'hydroconversion en une fraction bouillant en dessous de 370°C, demeure inferieure a 20%; et 

c) mettre en contact au moins une partie du produit hydrocarbone de I'etape b) avec de I'hydrogene en pre- 
sence d'un catalyseur d'hydroconversion, dans des conditions telles que I'hydrocraquage et I'isomerisation 
du produit s'operent pour donner un carburant hydrocarbone sensiblement paraffinique, contenant au moins 

is 70% en poids de paraffines. 

2. Proced6 suivant la revendication 1 , caracterise en ce que le melange de monoxyde de carbone et d'hydrogene 
entrant en contact avec le catalyseur dans I'etape (a) possede un rapport hydrogene/monoxyde de carbone infe- 
rieur a 2,5, de preference, infe>ieur a 1,75, plus avantageusement, de 0,4 a 1,5. 

20 

3. Proc6de suivant Tune quelconque des revendications 1 ou 2, caracterise en ce que le catalyseur de synthese 
d'hydrocarbures de I'etape (a) comprend du ruthenium, du fer, du nickel, ou du cobalt, a titre de metal catalytique- 
ment actif , de preference, du cobalt. 

25 4. Precede suivant Tune quelconque des revendications precedentes, caracterise en ce que le catalyseur de synthese 
d'hydrocarbures dans I'etape (a) comprend un support, de preference, choisi parmi la silice, I'alumine, I'oxyde de 
titane, la zircone et leurs melanges, plus avantageusement, la silice ou I'alumine. 

5. Procede suivant t'une quelconque des revendications precedentes, caracterise en ce que le catalyseur de synthese 
30 d'hydrocarbures dans I'etape (a) comprend, a titre de promoteur, un oxyde d'un metal choisi parmi les elements 

du groupe IVB du tableau periodique, de preference, le titane ou le zirconium. 

6. Procede suivant I'une quelconque des revendications precedentes, caracterise en ce que Ton met le melange de 
monoxyde de carbone et d'hydrogene en contact avec le catalyseur dans I'etape (a), a une temperature qui varie 

35 de 1 25 a 300°C, de preference, de 1 75 a 250°C. 

7. Procede suivant I'une quelconque des revendications precedentes, caracterise en ce que Ton met le melange de 
monoxyde de carbone et d'hydrogene en contact avec le catalyseur dans I'etape (a), sous une pression de 5 a 
100 bars, de preference, de 12 a 50 bars. 

40 

8. Proc6d6 suivant I'une quelconque des revendications precedentes, caracterise en ce que le catalyseur d'hydro- 
conversion de retape (b) comprend du molybdene, du tungstene, du cobalt, du nickel, du ruthenium, de I'iridium, 
de I'osmium, du platine ou du palladium, a titre de metal catalytiquement actif, de preference, un ou plusieurs 
elements choisis parmi le nickel, le platine et le palladium. 

45 

9. Proc6d6 suivant I'une quelconque des revendications precedentes, caracterise en ce que le catalyseur d'hydro- 
conversion de I'etape (b) comprend un support, de preference, choisi parmi la silice, I'alumine, la silice-alumine, 
I'oxyde de titane, la zircone et leurs melanges, plus avantageusement, la silice, I'alumine et la silice-alumine. 

so 10. Procede suivant I'une quelconque des revendications precedentes, caracterise en ce que dans I'etape (b), on met 
le produit hydrocarbone en contact avec le catalyseur d'hydroconversion, a une temperature qui varie de 100 a 
300°C, de preference, de 150 a 275°C. 

11. Proc6de suivant I'une quelconque des revendications precedentes, caracterise en ce que dans I'etape (b), on met 
55 le produit hydrocarbone en contact avec le catalyseur d'hydroconversion, sous une pression de 5 a 150 bars, de 

preference, de 10 a 50 bars. 

12. Proc6d6 suivant Tune quelconque des revendications precedentes, caracterise en ce que dans I'etape (b), on 
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fournit I'hydrogene a la vitesse spatiale horaire gazeuse de 100 a 1000 litres norma ux/litre/ heure, de preference, 
250 a 5000 litres norma ux/litre/heu re. 

13. Precede suivant Tune quelconque des revendications precedentes, caracterise en ce que dans I'etape (b), la 
conversion est inferieure a 10%, plus avantageusement encore, inferieure a 5%. 

14. Proc6de suivant Tune quelconque des revendications precedentes, caracterise en ce que le catalyseur d'hydro- 
conversion de I'etape (c) comprend du molybdene, du tungstene, du cobalt, du nickel, du ruthenium, de Piridium, 
de losmium, du platine ou du palladium, a titre de metal catalytiquement actif, de preference un ou piusieurs 
elements choisis parmi le nickel, le platine et le palladium. 

15. Procede suivant Tune quelconque des revendications precedentes, caracterise en ce que le catalyseur d'hydro- 
conversion de I'etape (c) comprend un support, choisi, de preference, parmi la silice, I'alumine, la silice-alumine, 
I'oxyde de titane, la zircone et leurs melanges, de preference, la silice, Palumine et la silice-alumine. 

16. Procede suivant Tune quelconque des revendications precedentes, caracterise en ce que dans I'etape (c), on met 
le produit hydrocarbone en contact avec le catalyseur d'hydroconversion, a une temperature qui varie de 175 a 
400°C, de preference, de 250 a 375°C. 

17. Proc6de suivant Tune quelconque des revendications precedentes, caracterise en ce que dans I'etape (c), on met 
le produit hydrocarbone en contact avec le catalyseur d'hydroconversion, sous une pression de 10 a 250 bars, de 
preference, de 25 a 250 bars. 

18. Procede suivant Tune quelconque des revendications precedentes, caracterisd en ce que dans I'etape (c), on 
fournit I'hydrogene a une vitesse spatiale horaire gazeuse de 100 a 10000 litres normaux/litre/ heure, de prefe- 
rence, de 500 a 5000 litres normaux/litre/heure. 

19. Procecle suivant Tune quelconque des revendications precedentes, caracterise en ce que la conversion atteint au 
moins 40% dans I'etape (c). 

20. Procede suivant I'une quelconque des revendications precedentes, caracterise en ce que Ton elimine les compo- 
sant legers, de preference, les composants en C 4 -, du produit de la synthese d'hydrocarbures de I'etape (a) ou 
de I'hydroconversion de I'etape (b), ou a la fois de la synthese d'hydrocarbures de I'etape (a) et de t'hyd reconversion 
de I'etape (b). 
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